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ABSTRACT 
Lattice structure is a structure that consists multiple hollows shape that constructed by 
multiple same shape unit cell. Lattice structure become more prominent in industry as its 
advantages of lightweight, reduce cost and wastage, and have u~ique mechanical 
properties. Lattice structure can have many types of shape depending on the shape of unit 
cell. It can be gyroid, octet, full honeycomb, rectilinear and many more. Every material 
has its own limit before failure. As lattice structure become highly demand along with the 
move forward of additive manufacturing, the strength and its cracks need to be further 
analysed so that there is no excess load exerted on it. The tensile strength of the full 
honeycomb lattice structure is being made for infill density 0%- 100% for both normal 
dogbone shape and notched dogbone shape specimens. By analysing the strength of full 
honeycomb lattice structure, the relationship of the maximum tensile strength and its infill 
density is not proportional and fluctuating. 40% infill density have the highest maximum 
tensile strength and 20% infill density have the lowest maximum tensile strength. This 
study also focuses on the strength of the lattice structure that having a small crack. The 
strength of lattice structure is lower if there is any existing pre-crack A small crack can 
lead to fracture and failure. By observing under scanning electron microscope (SEM), 
pre-cracks also can make the lattice structure rupture severely. 






Struktur kisi adalah struktur yang mengandungi beberapa bentuk berongga yang 
diperbuat daripada beberapa bentuk sel unit yang sama. Struktur kisi menjadi semakin 
terkenal dalam industri atas kelebihannya yang ringan, kurang kos dan pembaziran, dan 
I 
mempunyai ciri-ciri mekanikal yang unik. Struktur kisi mempunyai pelbagai bentuk 
bergantung kepada bentuk unit sel. Antaranya adalah gyroid, octet, full honeycomb, 
rectilinear dan pelbagai lagi. Setiap bahan mempunyai limit tersendiri sebelum 
kegagalannya. Struktur kisi mendapat permintaan tinggi seiring dengan kemajuan 
pembuatan bahan tambah, kekuatan dan rekahannya perlu dianalisis dengan mendalam 
supaya tiada lebihan beban diberikan keatasnya. Ujian tegangan telah dilakukan keatas 
struktur kisi full honeycomb untuk kedua-dua spesimen berbentuk tulang anjing normal 
dan specimen berbentuk tulang anjing berlekuk. Dengan menganalisis kekuatan struktur 
kisi full honeycomb menggunakan ujian tegangan, hubungan maksimum kekuatan 
tegangan dan ketumpatan pengisian adalah tidak berkadar dan turun naik. Ketumpatan 
pengisian sebanyak 40% mempunyai maksimum kekuatan tegangan tertinggi dan 
ketumpatan pengisian sebanyak 20% mempunyai maksimum kekuatan tegangan 
terendah. Kajian ini turut berfokus kepada kekuatan struktur kisi yang mempunya rekahan 
kecil. Kekuatan struktur kisi adalah lebih rendah sekiranya mempunyai pra-rekahan. 
Rekahan kecil boleh membawa kepada patah dan gagal. Dengan memerhatikannya 
dibawah imbasan mikroskop elekJon, pra-rekahan juga boleh membuatkan struktur kisi 
patah dengan teruk. 
Kata kunci-.full honeycomb, struktur kisi, ujian tegangan, pra-rekahan, imbasan 
mikroskop elektron. 
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1.1 Background Study 
Lattice structures are the lightweight structure where the shape and size are 
following a tailored pattern. The structures have repeating unit cells that are open porous 
cellular solid with periodic truss microstructure (Zadpoor, 2019). It is architectured 
material that combined a space and uniform material to make a new structure with 
porosity that propose a lightweight structure and optimizing the strength. There are many 
lattice designs in nature such as honeycomb that have repeated arrangement of basic unit 
hexagonal shape and also the structure of foam itself is in lattice structure. 
In this advance era that have higher competitions among industries, lattice 
structures have its beneficial in energy consumption during manufacturing and are able 
to be recycled easily where it can reduce costs and wastage, and improve performance. 
Hollow structure inside it also can increase the energy absorption and heat transfer 
(Nagesha et al., 2019). The unique mechanical properties of lattice structures make it 
highly demand in industries especially in medical industry in tissue replacement (T. H. 
Chen et al., 2018; Dantas et al., 2016; Fabricio & Rey, 2019; Katti, Sharma, & Katti, 
2017; Yoo, 2011). Aerospace and automotive industries also use and looking forward the 
usage of the lattice structures. For example, conformal cooling channels in aerospace 
industry is made by applying lattice structure or at any complex geometries structures for 
housing (Bici et al., 2018; Deepa, 2014). The lightweight materials that used can increase 
the efficiency the automobile and aerospace, thus reduce the fuel consumption and are 
able to save the environments (Helou & Kara, 2018). 
.( 
Due to advancement of technology, additive manufacturing or also be called as 
rapid prototyping are widely used to make a 3D solid or hollow-core object of virtually 
any shapes of real object (Beyer, 2014 ). The structure inside the additive manufacturing 
1 
itself is the lattice structure as it consists of repeated unit cell and hollow. Additive 
manufacturing is growing so rapidly as the process can save the cost and time as the 
structure can be designed for assembly and avoiding joint that may increases cost and 
time. Additive manufacturing that exist in industry can be consists of deposition 
modelling (FDM), selective laser melting (SLM), and powder bed fusion. Different types 
of additive manufacturing has different processes and use different types of material. 
Lattice structure's mechanical properties are unique which it differs depending of 
their strut diameter and its shape that gives it different relative density. Lattice structure 
also be known as a structure of crystal. The well-known design topologies of crystal 
lattice structure are body centered cubic (BCC), face centered cubic (FCC) or with the 
reinforcement of z-axis (BCCZ and FCCZ) as in Figure 1.1. Meanwhile, in additive 
manufacturing, lattice structures also have several designs such as gyroid, octet, and 
concentric as in Table 4.3 and Table 4.4. 
As the eccentric mechanical properties that can be varied to be the optimum 
mechanical properties depend on the application, and easier way to fabricate the lattice 
structure with the benefits of low cost and time consumes, thus lattice structure are 
recommended to be used in industries. 
(a) (b) (c) (d) 
Figure 1.1: Different topologies oflattice structure (a) BCC (b) FCC (c) BCCZ (d) 
.. 
FCCZ (Maconachie et al., 2019). 
Cracks and fractures are normal failure for a material, and it occur due to excessive 
load or stress whether the load is stationary or cyclic. It can be called fatigue cracks or 
fatigue fractures when the load exerted towards the material is cyclic. Thus, maximum 
tensile strength for any material need to be known so that the material can support the 
2 
load. A same material with the different shape of lattice structures can have a different 
strength (Pandzic, Hodzic, & Milovanovic, 2019). 
1.2 Problem Statement 
Every material has its own limitation to stay safe and relevance for using it. As 
the stress that applied to the material beyond its limit, the materials will fail and fracture. 
As lattice structures are highly demand in industrial, the safety factor has to be taken into 
account There are two types of fracture; which are ductile where the materials experience 
necking before fracture, and brittle where materials will fracture without necking. Crack 
growth and propagation lead to the fracture of the materials. The crack growth until it 
reaches critical sizes before its fracture. 
In history, there are many structural of building and transportation failure that 
occurs due to the crack. Crack can be categorized as 'silent killer' as its propagation 
cannot be seen through naked eyes: The example can be observed in 2009, the collapsing 
of Sultan Mizan Stadium's roof that located in Terengganu, Malaysia (Gul & Ali, 2016). 
As the structure of the lattice become more prominent in industries nowadays, the 
fracture mechanical properties need to be carried out to make sure that this structure can 
stay relevance with the improving technologies of additive manufacturing. The crack 
growth in lattice structure need to be analyzed so that the failure can be prevented. 
Lattice structure has many types of different topologies (Figure 1.1) and shapes. 
Different topologies and shapes lead to the different strength. Different topologies and 
shapes behaves differently. In additive manufacturing, by using fused deposition 
modelling (FDM), there are many types of infill shapes which represents the lattice 
structures. The different of the shapes shows different strength. Full honeycomb lattice 
structures has been chosen to be studied to compare the strength with others infill shapes 
in previous studies (Pandzic et al., 2019). Furthermore, the crack propagating that leads 
to the failure in this full honeycomb lattice structures also will be analyzed. 
4 
3 
1.3 Research Objectives 
The aim of this study are: 
• To observe the crack growth behavior of lattice structure under tensile loading 
of lattice structure. 
• To study the effect of the lattice structure's relative density on the crack growth 
behavior. 
• To compare the crack growth behavior between with the non-existing crack and 
with the existing crack behavior. 
1.4 Hypothesis 
There are two hypothesis that have been made before starting the experiment: 
• The strength of additive manufacturing lattice structure is not directly proportional 
towards its infill density. 
• Crack propagation point is controlled by pre-crack (notch) in notched specimens. 
Meanwhile crack propagation point is random in specimens without notch. 
1.5 Scope of Work 
The scope of this research is to study the maximum tensile strength of the full 
honeycomb lattice structure by using polylactic acids (PLA) as the materials. After the 
materials crack and fracture, the full honeycomb lattice structure on it will be observed. 
The experimental method of tensile test is done to analyze the maximum tensile strength 
that will make the specimens fracture. 
The tensile test specimens, dogbone shape are designed by using CAD software 
according to ASTM D638, standard test method for tensile (Standard, American, & 
Standard, 2014). There are consists of two geometry of the specimens; dogbone shape 
and notched dogbone shape. Notched in the specimen act as pre-crack. 
4 
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The CAD design will be tum into model by using fused deposition modelling 
(FDM) of additive manufacturing (AM). Polylactic acid (PLA) is used as the filament. 
There are total 11 different relative densities for each design is to be modelled which are 
0% until 100% with the increment of 10%. The infill style of the FDM is full honeycomb 
lattice structure with fixed cell wall which is 1 mm. The setting parameter for the designs 
is done in slicer software. 
Lastly, the scanning electron microscope (SEM) is used to analyze the crack 
propagation after it is fracture under tensile test. 
1.5 Project Outline 
In this project, there are five chapters overall which are introduction, literature 
review, methodology, result and discussion and lastly is conclusion and recommendation. 
4 
In chapter one, introduction describes the whole project in general that includes 
background of study, problem statement, objectives and scope of work. 
In chapter two, literature review that explains the related topics about this project. 
All previous study and experiment on lattice structure's mechanical properties that related 
to crack propagation behavior and failure such as its relative density, fracture toughness 
and deflection. Besides that, all previous studies related to additive manufacturing and 
full honeycomb lattice structure also been discussed here. 
In chapter three, methodology that explains on how to prepare the specimens by ., 
using fused deposition modelling (FDM) of additive manufacturing. The weight for each 
relative density specimen is being noted. Next, the tensile test is being done for every 
specimen with the difference on its relative density on normal dogbone specimen shape 
and notched dogbone specimen shape. Then, the crack propagation behavior were 
analyzed by using scanning electron microscope (SEM). 
Next in chapter four, the results and discussions about the analysis obtain from the 
experimental method and observation of the crack growth. It includes the discussion of 
mechanical properties, strength group and utilizations of lattice structure with the aids of 
tables and graphs. 
5 
Last but not least in chapter five is conclusion and recommendations. This chapter 
will conclude the entire research that also contains the limitations and recommendations 





Literature reviews covers on the lattice structure previous studies and findings on 
its mechanical properties that give an effect to the failure. This literature reviews are 
focused on the effect of the relative density and geometry to the crack propagation 
behavior. 
2.2 Additive Manufacturing (AM) 
Additive manufacturing is can be categorized as 3D printing or rapid prototyping. 
It is manufacturing process where the materials are being added from bottom and 
followed layer by layer to the top until it is done to make one full three dimensional solid 
of lattice structure. Additive manufacturing has been introduced in 1987 with 
stereolithography (STL) which the process is using lasered melt thin layers of UV light 
sensitive liquid polymer to render certain solids or models (Gomet, 2017). The difference 
of additive manufacturing compared to subtractive manufacturing is that additive 
manufacturing is a process of adding materials to the products while subtractive 
manufacturing is a removal process of materials from the products such as milling, lathing 
and turning. Thus, additive manufacturing is a strategic implication of current trends as it 
can save cost due to less wastage produced. 
Additive manufacturing possesses many benefits; make prototypes as an aid in the 
product development process, can structured the design, cost and time saving, and weight 
reduction (Beyer, 2014). The cost and time can be reduced as there is no need to prepare 
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